To understand the prevalence and evolution of drug resistant HIV strains in Henan China after the implementation of free antiretroviral therapy for AIDS patients. 45 drug naïve AIDS patients, 118 AIDS patients who received three months antiretroviral therapy and 124 AIDS patients who received six months antiretroviral treatment were recruited in the southern part of Henan province. Information on general condition, antiretroviral medicines, adherence and clinical syndromes were collected by face to face interview. Meanwhile, 14ml EDTA anticoagulant blood was drawn. CD4/CD8 T cell count, viral load and genotypic drug resistance were tested. The rates of clinical improvement were 55.1% and 50.8% respectively three months and six months after antiretroviral therapy. The mean CD4 cell count after antiretroviral therapy was significantly higher than in drug naïve patients. The prevalence rate of drug resistant HIV strains were 13. 9%, 45.4% and 62.7% in drug naïve patients, three month treatment patients and six month treatment patients, respectively. The number of resistance mutation codons and the frequency of mutations increased significantly with continued antiretroviral therapy. The mutation sites were primarily at the 103, 106 and 215 codons in the three-month treatment group and they increased to 15 codon mutations in the six-month treatment group. From this result, the evolution of drug resistant strains was inferred to begin with the high level NNRTI resistant strain, and then develop low level resistant strains to NRTIs. The HIV strains with high level resistance to NVP and low level resistance to AZT and DDI were highly prevalent because of the AZT+DDI+NVP combination therapy. These HIV strains were also cross resistant to DLV, EFV, DDC and D4T. Poor adherence to therapy was believed to be the main reason for the emergence and prevalence of drug resistant HIV strains. The prevalence of drug resistant HIV strains was increased with the continuation of antiretroviral therapy in the southern part of Henan province. Measures, that could promote high level adherence, provide new drugs and change ART regimens in failing patients, should be implemented as soon as possible.
INTRODUCTION
Highly Active Antiretroviral Therapy (HAART) has significantly reduced the rate of HIV and AIDS-related morbidity and mortality. There are 21 antiretroviral drugs and over 25 formulations approved by the US Food and Drug Administration (FDA) for the treatment of HIV infected persons including 7 nucleotide and nucleoside reverse transcriptase inhibitors (NRTIs), 3 nonnucleoside reverse transcriptase inhibitors (NNRTIs), 9 protease inhibitors (PIs) and 1 fusion inhibitor (EIs). Through combining drugs targeting different HIV-1 replication steps, HAART delays clinical progression by suppressing viral replication, measured by a substantial reduction in HIV RNA, and allowing immune reconstitution, measured in most studies by increasing in CD4 cells count.
The relatively low fidelity and the absence of proofreading of HIV-1 reverse transcriptase (RT) lead to genetic variability of the virus [1] . Furthermore, the high rate of HIV-1 replication, the accumulation of archived proviral variants during the course of HIV-1 infection, and genetic recombination when viruses of different sequence infect the same cell enhance the viral gene variability. As a result, innumerable genetically distinct variants (quasispecies) evolve within an individual in the months following primary infection [2] . When treated with drugs, the viral variants are under the drugs' selective pressure; the variants with drug-resistant mutations replicate quickly and become predominant variants under this selective pressure. Consequently, there is rebound of viral replication. It is suggested that the drug resistance variants can replace the wild type variants completely within 14-28 d of treatments [3] .
With the use of different antiretroviral drugs, drug-resistant HIV-1 variants are prevalent worldwide. In America and Europe, about 10% of recent HIV-1 infections are drug resistant HIV-1 strains [4] . In Canada, the prevalence of drug-resistant HIV-1 strains among recent infected individuals increased from 5.5% at 1995-1998 to 18.5% at 1999-2000 and 27.6% at 2001. Now the prevalent rates of HIV drug-resistant strains are high in many countries. In 2001, the rate is 5-11% in Switzerland, 10-17% in French, 13% in German, 14% in England, 23-26% in Spain, 15 .4% in Argentina [5] [6] [7] . What is more, resistant strains have been reported for almost all antiretroviral drugs. With the transmission of drug resistant HIV-1 strains, more and more multi-drug-resistant variants are reported. Now, drug resistance is one of the major reasons for antiretroviral therapy failure [8, 9] and also the great challenge of AIDS treatment worldwide.
In China, about 16000 AIDS patients are now treated free under the implement of the policy of "Four Free One Care". Most AIDS patients live in rural areas with limited health services, and the local physicians are inexperienced. As a result, drug-resistant HIV-1 strains will spread. So surveillance for drug-resistant HIV-1 strains is necessary to monitor the prevalence of drug-resistant HIV-1 variants, clarify the factors related to drug resistance emergence, make the policy and program of the development and application of antiretroviral drugs fruitful, and ensure the success of antiretroviral therapy. In this study, we carried out clinical and molecular epidemiological research on the prevalence HIV-1 drug resistance in Henan province, the first region implementing free antiretroviral therapy in China.
MATERIALS AND METHODS

Study population
The patients recruited into the study came from Shenqiu, Henan province of China. The patients were treated with AZT+DDI+NVP since November 2003. The drugs were provided free by the local disease prevention and control branch, and the administration of the drugs was supervised by the local rural physicians. According to the time of treatment (three or six months), patients were recruited, respectively, into two cross-sectional studies. After signing informed consent, all patients were interviewed face to face by trained and qualified staffs with identical questionnaire. Information about general conditions, transmission route, clinical syndromes within three months, the antiretroviral therapy regimen, the sources of drugs, the reason for drug withdrawal, the willingness to receive therapy, the attitude toward therapy, and the history of anti-retroviral therapy, was collected. The information about adherence was collected by specified questions about the kinds and times of drug withdrawal in the past three days and in the past one month, and the reasons of drug withdrawal.
Efficacy of antiretroviral therapy
Efficacy was measured using plasma viral load, CD4+ T cell count and major clinical syndromes. The main clinical syndromes included fever persisting more than two weeks, loss of self-care ability, diarrhea more than three times per day and persisting more than one week. Through observing the syndromes, the change in clinical syndromes were divided into three categories: clinically improved (two or more clinical syndromes decreased or disappeared),no change (no change of clinical syndromes),clinical deterioration (syndromes increased).
Measure of viral load and CD4+ counts
20ml EDTA anti-coagulated whole blood was drawn and transported to the lab in an icebox. Plasma HIV-1 RNA was tested by using standardized Nulcisens method (reagent and equipment from the Co.Ltd BioMerieux). The CD4+ cells were counted by flow cytometry (Reagents and equipment from BD Company)
Testing of drug resistance
Genotypic HIV-1 drug resistance was tested with home-brew HIV-1 genotypic drug resistance methods [10, 11] . All the samples were assayed with the following algorithm: amplification of HIV-1 pol gene fragment, sequencing directly, identification of mutations related with drug resistance, analyze the mutation, explanation of drug resistance.
HIV RNA was extracted and purified from plasma with QIAamp ® Viral RNA isolation kits according to the manufacturer's protocol. The HIV-1 protease and reverse transcriptase gene were amplified by Nested RT-PCR and sequenced directly. The primers were designed according to the HIV-1 subtypes circulated in China (Tab. 1).
The drug resistance analysis was based on a public database available on the Internet. In brief, sequences were submitted to the web site: http://hivdb.stanford.edu. By comparing with the sequences in the database, the software identified the drug resistance mutations and interpreted drug resistance with a scoring system in the database [12] .
Statistic analysis
Comparisons among different groups were performed using X 2 test and t test. The 95% confidence intervals (CI) were computed using the binomial distribution.
RESULTS
Study population
138 (treated for three months) and 112 (treated for six months) AIDS patients were recruited respectively into two cross-sectional studies. All the patients were inhabit-ants of Shenqiu district and lived in the rural area; 95.6% of them were infected by paid plasma donation in the 1990s. 35 patients were investigated two times at three and six months of therapy. As a control, 45 antiretroviral naïve AIDS patients were investigated in the first survey.
Efficacy
The CD4+ cell count increased significantly for the patients treated for three months compared with the antiretroviral naïve patients (t Test, P<0.05). However, the CD4+cell count was already decreasing in the patients treated for six months. There was no significant difference in viral load between the different groups. The alleviation rates of the main clinical syndromes following three and six month therapy were 55.1% and 50.8% respectively (Tab. 2). It is notable that the proportion of the patients who demonstrated good adherence decreased significantly from 78.8% in the three months therapy group to 33.9% in six months therapy group.
Drug resistance
Of the 45 plasma samples collected from drug naïve patients, 36 individuals were successfully amplified target gene sequences. Among them, 13.9% variants had drugresistant mutations (Tab. 3). Compared with drug naïve group, the prevalence of drug-resistant variants increased significantly to 45.4% in three months therapy group and 62.7% in six months therapy group. Analysis of different drug-resistant mutations suggested that NNRTI-resistant variants increase significantly.
The drug resistance spectrum changed with continuation of therapy (Tab. 4). In the group treated for three months, high level drug resistance to NVP, DLV and EFV increased significantly compared to the naïve group. After treatment for six months, high level resistance to 3TC and FTC increased as well as DLV, EFV and NVP. At the same time, low level resistance to AZT, DDI, DDC and D4T emerged.
There were 35 patients who were tested for genotypic drug resistance two times at three and six month therapy. Compared to three months therapy, there was significant decrease in the CD4+ cell count, while there was no difference in the viral load after six months therapy. The drug-resistant mutations, especially the mutations to NRTIs increased dramatically. The most significant change was the dramatic increase in mutation frequency and sites, from 10 codons and 22 mutation times at three months therapy to 26 codons and 69 mutation times at six months therapy.
In the short-term antiretroviral therapy (within three months) group, the drug-resistant mutation sites concen- 
DISCUSSIONS AND CONCLUSIONS
The drug resistance mutations of protease can be divided into primary mutations and secondary mutations. Primary mutations are those that reduce drug susceptibility by themselves whereas secondary mutations reduce drug susceptibility in combination with primary mutations or improve the replicative fitness of virus isolates with a primary mutation [13] . The mutations conferring resistance to reverse transcriptase inhibitors can be relatively simple. A single point mutation can induce high level resistance to all of the NNRTIs, i.e., cross-resistance [14, 15] . The targets of NRTIs and NNRTIs are different. When converted into the triphosphate forms by phosphorylation, NRTIs compete with natural triphosphate, incorporate into the DNA chain, and lead to the termination of viral DNA synthesis [16] . NNRTIs are a series compounds with multiple structures, which by binding to the hydrophobic region near the active sites of reverse transcriptase inhibit the activity of the enzyme [17] . The NRTIs all bind to the same site of RT, and due to the decline of binding stability High resistance to DLV and NVP, medium resistance to EFV or stereospecific blockade, susceptibility to NRTIs is reduced.
Since there were no protease inhibitors in the antiretroviral therapy regimen in Henan, it is not surprising that we didn't find resistance to protease inhibitors. Because RTI (reverse transcriptase inhibitors)-resistant mutations can be simple, some single point mutations can induce high level resistance to many of the RTIs, and induce the cross-resistance. In our research, the 103, 106, 109, 230 and 238 codons in the reverse transcriptase gene are the most apt sites to be mutated. These mutations emerge shortly and quickly after the beginning of combination therapy. As a result, the high level resistance to NVP, DLV and EFV occurred in the patients.
The prevalence rate of HIV drug-resistant variants in drug naïve patients was 13.1%, lower than that in Europe and the U.S., suggesting that drug-resistant HIV variants were not prevalent before the implementation of antiretroviral therapy in Henan. After treatment with antiretroviral medicines, the viral variants are under the drugs' selective pressure. Most of the susceptible variants are killed; the other variants replicate quickly and overgrow the susceptible variants. In our research, the NNRTIresistant mutations occurred first and quickly. The prevalence rate increased from 3.3% in the naïve therapy group to 39.5% in the three months therapy group and 47.9% in the six months therapy group. Compared to NNRTI-resistant mutations, NRTI-resistant mutations emerged later and more slowly. NRTI resistance mutations were found in 8.3% of drug naïve patients, 11.9% of the three months therapy patients and 14.8% of the six months therapy patients respectively. This was probably due to the different mechanisms of drug-resistance for NRTIs and NNRTIs. For NNRTIs, single point mutations can induce high level resistance and cross-resistance, whereas more mutations are needed to induce the resistance to some NRTIs such as ZDV.
With the implementation of free antiretroviral therapy in this study, the main clinical syndromes were alleviated; the CD4+ cell count increased in the three month treatment patients, whereas the viral load did not change significantly. This was probably due to the poor adherence noted in these groups of patients. Adherence is one of the most important factors that influence the clinical improvement and drug resistance. Successful treatment of HIV/AIDS requires 95% or greater adherence to highly active antiretroviral therapy [13] . However, 66% patients involved in our research did not have good adherence after six months therapy. The reasons for non-adherence included side effects and grow out of taking medicines. Maintaining good adherence is a great challenge in the future of antiretroviral therapy in China. With the emergence and prevalence of drug-resistant variants, the risk of drug resistance variants transmission increased. Anyway, it's necessary to improve the adherence of patients in the free therapy program. Measures should be taken to educate patients, simplify dosing and enhance adherence monitoring. Consideration should even be given to directly observed therapy (DOT) [18] .
